Background/Aims: Injuries of the brain and spinal cord result in the formation of glial (reactive gliosis) and fibrotic (formed by fibroblasts) scars. Recent studies have shown that the fibrotic scar was much more important for hindering regeneration after brain or spinal cord injury than the astrocytic scar. However, it has been given much less attention for effects and mechanism of fibroblasts during formation of the fibrotic scar. Resveratrol may be a potential antiscarring agent in burn-related scarring and keloid fibroblasts. However, it is unclear whether and how resveratrol affects formation of the fibrotic scar after brain or spinal cord injury. Earlier studies have shown that the activated Shh signaling has anti-apoptosis, anti-oxidation, anti-inflammation properties. Moreover, resveratrol can activate the Shh signaling. However, it is unclear how resveratrol activates the Shh signaling. Resveratrol is a activator of Sirt1. It is unknown whether resveratrol activates the Shh signaling via Sirt1. Methods: NIH3T3 cells, a fibroblast cell line, were used as model cells and treated with drugs. Cell viability was assessed by Cell Counting Kit 8. The expressions and activity of Shh signaling pathway proteins were evaluated by immunocytochemistry and Western blotting. Transcriptional activity of Gli-1 was detected with Dual-Luciferase Reporter Gene Assay Kit. Results: Resveratrol, Sirt1 agonist STR1720 and recombinant mouse Shh protein, an activator of hedgehog signaling, enhanced the viability of NIH3T3 cells, promoted Smo to translocated to the primary cilia and Gli-1 entered into the nuclei from cytoplasm, and upregulated expressions of Shh, Ptc-1, Smo, and Gli-1 proteins, which can be reversed by Smo antagonist cyclopamine and Sirt1 antagonist Sirtinol. Additionally, resveratrol increased transcriptional activity of Gli-1. Conclusion: We indicate in the first time that it may be mediated by Sirt1 for resveratrol activating the Shh signaling to enhance viability of NIH3T3 cells, and Sirt1 may be a regulator for upstream of
Introduction
Traumatic, ischemical or autoimmune injuries of the brain and spinal cord result in the formation of a permanent scar, which can be categorized into "glial" and "fibrotic" scars [1, 2] . The glial scar is generally referred to reactive gliosis region that surrounds the central core and prevents non-central nervous system (CNS) cells (such as leukocytes) from invading the CNS parenchyma. The glial scar has been intensely studied for its role in inhibition of axon regeneration, reconstitution of the BBB, prevention of neuronal degeneration and so on [3, 4] . However, much less is known about the fibrotic scar formed by fibroblasts, which have invaded the lesion core from adjacent meningeal and perivascular cells. Recent studies have shown that the fibrotic scar was much more important for hindering regeneration after brain injury than the astrocytic scar [5] [6] [7] . However, it has been given much less attention for effects and mechanism of fibroblasts during formation of the fibrotic scar.
Resveratrol is a naturally occurring polyphenolic phytoalexin which is generally present in semen cassiae, peanuts, grapes, red wine, polygonum cuspidatum and mulberries [8] .
Growthing studies have shown that resveratrol has anti-cancer, anti-aging, anti-inflammatory, anti-atherosclerosis, anti-oxidation, scavenging free radicals and neuroprotective properties [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] . Moreover, resveratrol may be a potential anti-scarring agent in burn-related scarring and keloid fibroblasts [24, 25] . However, it is not clear whether and how resveratrol affects formation of the fibrotic scar after injuries of the brain and spinal cord.
Sonic hedgehog (Shh) ligand, Patched (Ptc) and Smoothened (Smo) receptors,and gliomaassociated oncogene homolog transcription factors (Gli-1, -2 and -3) are principle members of the canonical Shh signaling pathway. When Shh binds to the Ptc receptor at the cell surface, Smo migrates to the primary cilia from the cytoplasm, and activate Gli transcription factors and downstream effectors of the Shh pathway [26] [27] [28] . Shh signaling plays a key role during embryogenesis, organic formation, proliferation and differentiation of cells or stem cells. In the pathological condition such as stroke, trauma and infection, or stimulation of other methods such as drugs, cells and rehabilitation, the Shh signaling could be activated. The activated Shh signaling can enhance viability, proliferation or differentiation of cells or stem cells, reduce damage and promote functional recovery via anti-apoptosis, anti-oxidation, anti-inflammation, and so on [29] [30] [31] [32] . Moreover, more studies have shown that resveratrol can activate the Shh signaling [19, 21, 22, 32] . However, it is currently unknown for the role of the Shh signaling in the formation of fibrotic scars after brain injury. It is also unclear how resveratrol activates the Shh signaling.
Given that resveratrol is a activator of nicotinamide adenine dinucleotide-dependent protein deacetylase Sirtuin l (Sirt1). Activated Sirt1 by resveratrol has anti-aging, neuroprotective and neurogenetic and anti-hypertrophic scar effects [33] [34] [35] [36] [37] [38] [39] . Tiberi et al. reported that BCL6/BCOR/SIRT1 complex inhibited medulloblastoma and enhanced neurogenesis by suppressing the Shh signaling [40] . Tang et al. reported that Sirtinol, a Sirt1 inhibitor, inhibited expressions of Shh, Ptc-1, Smo, and Gli-1 proteins [21] . Therefore, we speculate that resveratrol may activate the Shh signaling via Sirt1 and Sirt1 may be a regulator for upstream of the Shh signaling pathway.
NIH3T3 cell is a fibroblast cell line. Its cultured technology is relatively mature and its growth rhythm in vitro has a more comprehensive understanding. NIH3T3 cells in vitro can maintain good divisive, proliferative and generative capacity. In the research of basic and clinical medicine, it has been widely used to study cellular aging, drug action and mechanism. Especially, NIH3T3 cells are generally selected for knockout or reintroduction of gene. In addition, in peripheral organs, recent genetic fate mapping studies showed that resident and circulating fibroblasts are the key effector cells in tissue remodeling and fibrosis [41, 42] . In the CNS, meningeal and peirvascular fibroblasts play an important role in formation of the fibrotic scar after brain injury [5] [6] [7] .
Therefore, in the present study, NIH3T3 cells were used as model cells to illuminate whether resveratrol affects viability of fibroblasts in physiological condition, activates the Shh signaling via Sirt1, and Sirt1 is a regulator for upstream of the Shh signaling pathway. We definitively found that resveratrol, Sirt1 agonist SRT1720 and Shh protein, an activator of hedgehog signaling, enhanced viability of NIH3T3 cells and activated the Shh signaling. Shh antagonist cyclopamine and Sirt1 antagonist Sirtinol decreased viability of NIH3T3 cells and inhibited the Shh signaling. In other words, resveratrol activates the Shh signaling to enhance viability of NIH3T3 cells via Sirt1 and Sirt1 may be a regulator for upstream of the Shh signaling pathway. This study provides a basis for further investigating effects and mechanism of resveratrol during the formation of fibrous scar after cerebral ischemic injury.
Materials and Methods
Culture of NIH3T3 cells and Drug treatment NIH3T3 cells (Shanghai Xin Yu Biological Technology Co., Ltd.Shanghai,China) were cultured with complete medium composed of DMEM/F12 (Gibco, USA), 10% FBS (PAN,South America), 100 U/ml penicillin, and 100 mg/ml streptomycin,and maintained at 37 °C in a humidified atmosphere containing 5% CO 2 .When the cells reached 80% confluence, they were digested with 0.125% trypsin and subcultured 1:3.
To investigate whether resveratrol enhances NIH3T3 cells viability after starvation for 24h, three groups were studied: 1) control (Ctrl) group. NIH3T3 cells were treated with complete medium containing ethanol (volume fraction 1.3%) for 24 h; 2) resveratrol group. NIH3T3 cells were maintained in complete medium containing different concentrations (0.1, 0.5, 1,5, 10, 20, 40 and 80 umol/L) resveratrol (purity 99%,Sigma,USA) for 24 h. 3) blank group. There was only complete medium and no NIH3T3 cells.The best effect was observed with a concentration of 1 μmol/L resveratrol, and thus 1 μmol/L resveratrol was used for further study.
To determine whether the Shh signaling pathway plays a role in the effect of resveratrol on viability of NIH3T3 cells, five groups were studied: 1) control (Ctrl) group. NIH3T3 cells were treated with complete medium containing ethanol (volume fraction 1.3%) for 24 h; 2) 1 μmol/L resveratrol (Res1) group. NIH3T3 cells were maintained in complete medium containing 1 μmol/L resveratrol for 24h; 3) 5 μmol/L cyclopamine (Cyc) group, a Smo inhibitor. NIH3T3 cells were maintained in complete medium containing 5 μmol/L cyclopamine (purity 98%, Cayman, USA) for 24 h 4) 1 μmol/L resveratrol+ 5 μmol/L cyclopamine (Res1+Cyc) group. NIH3T3 cells were maintained in complete medium containing 1 μmol/L resveratrol and 5 μmol/L cyclopamine for 24 h. 5) blank group. There was only complete medium and no NIH3T3 cells.
To examine whether Sirt1 is associated with Shh signaling, NIH3T3 cells were divided into six groups: 1) control (Ctrl) group.Cells were treated with complete medium containing ethanol (volume fraction 1.3%) for 24 h; 2) 1 μmol/L resveratrol (Res1) group.Cells were maintained in complete medium containing 1 μmol/L resveratrol for 24 h; 3) 0.4 μmol/L SRT1720 (SRT ) group, a Sirt1 agonist. Cells were maintained in complete medium containing 0.4 μmol/L SRT1720 (purity 98%, BioVision,USA) for 24 h; 4) 10 μmol/L sirtinol (Sirtinol) group, a Sirt1 antagonist. Cells were maintained in complete medium containing 10 μmol/L sirtinol (purity 98%, Ann Arbor,USA) for 24 h; 5) 50 ng/mL recombinant mouse sonic hedgehog (Shh) , Cells were maintained in complete medium containing 50 ng/mL Shh (purity 97%, ProSpec,USA) for 24 h. 6) blank group. There was only complete medium and no NIH3T3 cells.
CCK-8 Assay for Cell viability
The viability of cells was assessed with CCK-8 assay (Kumamoto, Japan). Briefly, NIH3T3 cells (approximately 2000/well) were seeded in poly-L-Lysine-coated 96-well plates with six replicates per group, and subjected to the various treatments described previously. CCK-8 solution (10 uL/100 uL) was added to each culture well, and cells were incubated for 4 h at 37 ℃. Absorbance at 450 nm was measured with a microplate reader (Thermo Labsystems, Vantaa, Finland). Each experiment was repeated for three times. Immunocytochemistry Cells were seeded on coverslips coated with poly-L-lysine for three replicates in each group and fixed with 4% paraformaldehyde for 30 min at room temperature, then washed three times with PBS and permeabilized with 0.1% Triton X-100 for 30 min at room temperature. After three washes with PBS, cells were blocked with 10% normal goat serum for 30 min at 37 ℃, then incubated overnight at 4 ℃ with the following primary antibodies: monoclonal mouse anti-acetylated tubulin (anti-Ac-Tu) antibody (1:200, Sigma, USA), polyclonal rabbit anti-Gli-1 antibody (1:100, Abcam, UK), and rabbit anti-Smo antibody (1:200, Abcam,UK). After washed with PBS, cells were incubated with Alexa fluor 488 goat anti-rabbit or Alexa fluor 594 goat anti-mouse IgG (1:100, Beijing Zhongshan Golden Bridge, China) for 1 h at 37 ℃. The primary antibodies were replaced with PBS in the negative controls. Nuclei were counterstained with 4, 6-diamidino-2-phenylindole (DAPI, Beyotime, China ) for 5 min in the dark. Finally, cells were examined with laser confocal microscope (Nikon, Tokyo, Japan). Each experiment was repeated three times.
Western blot analysis
To analyse protein levels, cells were rinsed twice with ice-cold PBS, lysed in RIPA lysis buffer containing 1% PMSF (Beyotime Institute of Biotechnology), and incubated on ice for 30 min. The protein was collected by centrifugation (12, 000 rpm,15 min) at 4°C, and protein concentration was quantified by BCA assay (Beyotime Institute of Biotechnology). Protein samples were mixed with 5× loading buffer (1:4) and boiled for 10 min. Then, equal protein quantity for every control and test sample (50 μg protein per lane) was separated by 10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis, and transferred onto a polyvinylidene difluoride membrane (Millipore, Billerica, MA, USA). The membranes were blocked with 5% non-fat milk in PBS containing Tween 20 (2:1; PBST) for 2 h at room temperature and incubated overnight at 4°C with the following primary antibodies diluted in 5% non-fat milk in PBST: polyclonal rabbit anti-Shh, anti-Ptch-1, anti-Smo, and anti-Gli-1 antibodies (1:100, respectively, both from Abcam, UK)); and rabbit anti-GAPDH antibody (1:1000，Beyotime, China) as an internal control. The membranes were washed three times with PBST on the second day, and subsequent incubation with peroxidase-conjugated affiniPure goat anti-rabbit IgG at 37 ℃ for 1 h. Immunoreactive bands were soaked with enhanced chemiluminescence and their intensities were semi-quantified in Quantity One software (Bio-Rad, Hercules, CA, USA). The gray ratio of the target protein to GAPDH protein represented the target protein relative expression level. Each experiment was repeated three times.
Transfection and Luciferase assays
To measure effect of resveratrol on the activation of Gli transcription, a reporter Adenovirus (Hanbio Biotechnology Co., Ltd. China) with multiple copies of the Gli recognition element and a minimal promoter upstream of the firefly luciferase gene was used. After NIH3T3 cells in 24-well plate were contransfected with 0.125 ul Ad-Gli1-REminiCMV-luc and 0.125 ul Renilla luciferase control reporter (Hanbio Biotechnology Co., Ltd. China) for 4-8h , medium containing virus was replaced by complete medium. At 24h, cells were administrated different concentration of resveratrol (0.1, 0.5, 1,5, 10, 20, 40 and 80 umol/L) and recombinant mouse Shh protein (50 ng/mL), and cultured for 8h. Then, cell lysate was collected and analyzed firefly luciferase and Renilla luciferase activities with Dual-Luciferase Reporter Gene Assay Kit (Beyotime, China). The increase of firefly luciferase activity was normalized to Renilla luciferase activity. Each experiment was repeated three times.
Statistical analysis
Quantitative data were presented as mean ± standard deviation. One-way ANOVA were used to evaluate differences between groups. All data were analyzed with SPSS v.20.0 for Windows. A value of P < 0.05 was defined as significant. 
Results

Concentration effects of resveratrol on viability of NIH3T3 cells
Shh signaling mediates resveratrol to increase viability of NIHT3 cells
In the present study, we used cyclopamine, a Smo receptor inhibitor, to study the role of the Shh signaling in resveratrol-enhancing viability of NIHT3 cells in vitro.
First, effects of resveratrol and cyclopamine on viability of NIH3T3 cells in vitro were evaluated with the CCK-8 assay. Compared with the control group (0.563±0.034), the viability of cells in the resveratrol group (0.778±0.371) was significantly increased. However, the effect of resveratrol on NIH3T3 cells viability was significantly reversed when cells were cultured with cyclopamine (5 μmol/L) (0.439±0.259) alone or with cyclopamine combined with resveratrol (0.602±0.179). Furthermore, the minimum was in the cyclopamine alone group (Fig. 1B) . These results demonstrate that blocking Shh signaling with cyclopamine cancels effects of resveratrol-enhancing cell viability. 
NIH3T3 Cells via Sirt1
Next, we investigated whether resveratrol activated the Shh signaling in NIH3T3 cells. The canonical Shh signaling transduction in vertebrates needs the primary cilia. Acetylated a-tubulin (Ac-tu) is a marker of primary cilia. Immunofluorescence assay showed that NIH3T3 cells have a primary cilium (Fig. 2E, I , M, Q). In the control group, Smo lied in cytoplasm (Fig.  2 G, H) . In the resveratrol group, Smo translocated into the primary cilia (Fig. 2K, L) . When NIH3T3 cells were cultured by cyclopamine alone or cyclopamine combined with resveratrol, Smo still deposited in cytoplasm (Fig. 2 O, P, S, T) . These results indicate that cyclopamine inhibits effects of resveratrol-promoting Smo to translocate into the primary cilia.
Further, immunofluorescence assay showed that Gli-1 in the control group accumulated in cytoplasm (Fig. 3B, L) . In the resveratrol group, Gli-1 almost transferred to the nuclei from the cytoplasm (Fig. 3C, M) . At the same time, transcriptional activity of Gli-1, detected with Dual-Luciferase Reporter Gene Assay Kit, increased significantly in Shh and different concentration resveratrol groups, and the highest is 1 μmol/L resveratrol group which rose up to 8-to 9-fold (Fig. 3P) . Moreover, Western blotting showed that expression of Gli-1 protein in nuclei, Shh, Ptc-1 and Smo protein in cytoplasm significantly increased in the resveratrol group than those in the control group (Fig. 3Q-U) . However, when cells were treated with cyclopamine alone or cyclopamine combined with resveratrol, the effects of resveratrol on nuclear translocation of Gli-1 and the expression of Shh, Ptc-1, Smo and Gli-1 proteins were remarkably suppressed (Fig.3 D, N , E, O, Q, V-Y). Moreover, the suppressing effect of cyclopamine alone was strongest. These results indicated that cyclopamine canceled resveratrol-promoting Gli-1 to translocate into the nuclei from the cytoplasm and enhancing expression of Gli-1,Shh,Ptc-1 and Smo protein. 
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Taken together, these results suggest that effects of resveratrol-enhancing viability of NIH3T3 cells may be related to the activation of the Shh signaling pathway. In other words, Shh signaling may mediate resveratrol to enhance viability of NIH3T3 cells.
Effect of Sirt1 on Shh Signaling in NIH3T3 Cells
Here, Sirt1 agonist SRT1720 and antagonist Sirtinol were used to examined whether resveratrol activated Shh signaling to enhance viability of NIHT3 cells in vitro via mediation of Sirt1.
The CCK-8 assay showed that resveratrol (0.751±0.05), SRT1720 (0.793±0.037) and Shh protein (an activator of hedgehog signaling, 0.838±0.418) significantly strengthened the viability of NIH3T3 cells than those in the control group (0.531±0.034). In contrast, Sirtinol (0.448±0.030) significantly decreased viability of the NIH3T3 cells than those in the control group (Fig. 4) . Further, immunofluorescence double labeling analysis showed that Smo and Gli-1 accumulated in cytoplasm in the control group (Fig. 5E, G, H and Fig. 6D, F ) , and Smo translocated to the primary cilia and Gli-1 translocate to the nuclei in the resveratrol (Fig. 5 I (Fig. 5Q , S, T and Fig. 6M, O) . At the same time, Western blotting assay showed that the expressions of Shh, Ptc-1, Smo proteins in cytoplasm and Gli-1 protein in nuclei were significantly increased in the resveratrol, SRT1720 and Shh groups, and significantly decreased in the Sirtinol group than those in the control group (Fig. 6S-W) .
These results indicated that Sirt1 could modulate activity of Shh signaling to enhance viability of NIH3T3 cells. In other words, it may be mediated by Sirt1 that resveratrol activated Shh signaling to enhance viability of NIHT3 cells in vitro.
Discussion
The results of the present study demonstrated that resveratrol at low concentration enhances the viability of NIH3T3 cells, and the most effective concentration of resveratrol is 1 μmol/L, and inhibits viability of cells at high concentration. Moreover, NIH3T3 cells have a primary cilium, resveratrol promoted Smo to translocate into the primary cilia and Gli-1 to transferred to the nuclei from the cytoplasm, and enhanced significantly expression of Gli-1 protein in nuclei, Shh, Ptc-1 and Smo protein in cytoplasm. At the same time, Luciferase activity of Gli-1 significantly increased in different concentration resveratrol groups, and the highest was 1μmol/L resveratrol group which rose up to 8-to 9-fold. Conversely, cyclopamine, a Smo receptor inhibitor, abolished the above effects of resveratrol. In addition, SRT1720, a Sirt1 agonist, and Shh protein, an activator of hedgehog signaling, produced effects similar to resveratrol. Sirtinol, a Sirt1 inhibitor, produced effects similar to cyclopamine. Taken together, these findings provide evidence that Sirt1 may mediate effects of resveratrol-activating the Shh signaling to enhance viability of NIH3T3 cells, and Sirt1 may be a regulator for upstream of the Shh signaling pathway.
Sakata and Dong et al. reported that 1, 1.56 and 5 μmol/L resveratrol strengthened viability and decreased apoptosis of neurons, and 20 and 50 μmol/L resveratrol inhibited viability and reinforced apoptosis of neurons [43, 44] . Park and Leong et al. reported that 20 and 50 μmol/L, 30-120 μmol/L, respectively, resveratrol inhibited proliferation of neural progenitor cells and embryonic cardiomyoblasts [45, 46] . Sugino's study showed that 10 and 20 μmol/L resveratrol strengthened nerve growth factor-induced neurite outgrowth in PC12 cells [47] .Ren and Tang et al. reported that 5 μmol/L resveratrol increased proliferation of neural stem cells and promoted synaptogenesis and neurite outgrowth of neurons after OGD/R injury [20, 21] . However, Bora-Tatar and Manczak et al. reported that 5 μmol/L resveratrol didn't restore neurite outgrowth defects in deficient PC12 cells or enhance neurite outgrowth in N2a cells [48, 49] . Our present study showed that resveratrol at low concentration enhanced the viability of NIH3T3 cells and reduced viability of cells Fibroblasts are important for the regulation and maintenance of tissue homeostasis, synthesizing and remodeling the extracellular matrix (ECM) consisting predominantly of fibronectin and type I collagen, facilitating maturation of epithelial cells, promoting contraction of granulation tissue during wound healing, and formation of fibrotic scar in the CNS injury [5] [6] [7] . In the CNS，fibrogenic cells are restricted to vascular and meningeal niches. Invading meningeal fibroblast-derived cells have been proposed to actively proliferate, deposit excessive ECM proteins, contribute to the generation of connective tissue after brain trauma and form the fibrotic scar,which is believed to represent an absolute barrier for regenerating motor axons [2, 50, 51] . Therefore, it is important to investigate mechanism of fibroblasts for activation, proliferation, differentiation, migration in physiological or pathological state. Shh was reported to promote fibroblast migration and induce vascular adventitial fibroblasts phenotypic modulation, proliferation and migration [52, 53] . In vitro, combined stimulation with Shh and platelet-derived growth factor (PDGF)-BB strongly induced proliferation and migration of human adventitial fibroblasts, and inhibition of Smo selectively prevented fibroblast proliferation. In vivo, Smo-inhibition significantly prevented the proliferation of adventitial fibroblasts and neointima formation following wire-induced injury [54] . In gingival fibroblasts, Shh can mediate cyclosporine-A-altered gingival matrix homeostasis [55] . Moreover, Shh promoted normal rat kidney fibroblast proliferation in vitro, overexpression of Shh promoted fibroblast expansion and aggravated kidney fibrotic lesions after ischemia/reperfusion injury in vivo. Correspondingly, blockade of Shh signaling by cyclopamine inhibited fibroblast proliferation, reduced myofibroblast accumulation, and attenuated renal fibrosis [56] . In addition, Shh-JNK-Gli1 pathway positively regulates high glucose-induced damage on fibroblasts [57] . Here, our study also showed that blockade of Shh signaling by cyclopamine reduced viability of NIH3T3 cells. Therefore, these studies suggest that the Shh signaling can mediate survival, differentiation, proliferation and migration of fibroblasts.
Resveratrol has extensive physiological and pharmacological activities. It can inhibit the proliferation of pathological scar fibroblasts via downregulating the expression of mammalian target of rapamycin (mTOR) /70S6K signaling pathway or TGF-β1, Smad-2, 3,4, and upregulating expression of Smad 7 [58, 59] . It can also inhibited proliferation of hypertrophic scar-derived fibroblasts and adventitial fibroblast in vitro and led to a more organized and thinner collagen fibre in the mouse model of wound healing via up-regulating expression of Sirt1 [60] [61] [62] . Here, we showed that resveratrol could enhance viability of NIH3T3 cells via activating the Shh signaling pathway. These studies suggest that resveratrolinhibiting or -inhancing proliferation of fibroblasts may be mediated by various signaling pathways.
Resveratrol is an activator of Sirt1 [33] [34] [35] [36] [37] [38] . Whether does resveratrol activate the Shh signaling via Sirt1? In ODG/R injury neurons, Sirt1 antagonist Sirtinol was reported to inhibit the expression of Shh, Ptc-1, Smo, and Gli-1 proteins [21] . On the contrary, in normal and oncogenic neural development, a BCL6/BCOR/SIRT1 complex suppressed the Shh signaling [40] . In neural progenitor cells, Notch signaling was reported to regulate trafficking of the Shh receptor Patched1 and downstream effector Smoothened to primary cilia [63] . However, Sirt1 could inhibit or activate Notch-mediated transcription. For example, Sirt1 interacted directly with LSD1 and regulated Notch target gene expression [64] . In adult neural stem cells, Sirt1 is a key metabolic sensor for regulating adult hippocampal neurogenesis, partly through its suppression of Notch signaling [65] . In Ewing sarcoma, Sirt1 inhibitors restored abrogation of Notch signaling and caused tumor-growth arrest [66] . Moreover, Sirt1 could repress Notch1 signaling to antagonize fibrosis after chronic renal injury [67] and alleviate sepsis [68] . On the contrary, Sirt1 also positively regulated the Notch pathway in Drosophila, and this might be context-dependent [69] . Here, we observed that Sirt1 
Conclusion
In conclusion, fibroblasts play an important role in formation of fibrotic scar after cerebral injury and it has clinical therapeutic utility to illuminate mechanism of fibroblasts for activation, proliferation, differentiation, migration in physiological or pathological state. Our present study in vitro for the first time showed that resveratrol enhanced viability of NIH3T3 cells, activated the Shh signaling via Sirt1, and Sirt1 may be a regulator for upstream of the Shh signaling pathway. However, after brain or spinal cord injury such as stroke, trauma, infection and degeneration, it is unclear whether resveratrol has same above effects on vascular and meningeal fibroblasts in the CNS. Therefore, in the future, more studies are needed to evaluate the functions of fibrotic scar in the CNS and effects and mechanism of resveratrol and fibroblasts during formation of fibrotic scar after brain or spinal cord injury.
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